Geometric parameters of binary ͑1:1͒ PdZn and PtZn alloys with CuAu-L1 0 structure were calculated with a density functional method. Based on the total energies, the alloys are predicted to feature equal formation energies. Calculated surface energies of PdZn and PtZn alloys show that ͑111͒ and ͑100͒ surfaces exposing stoichiometric layers are more stable than ͑001͒ and ͑110͒ surfaces comprising alternating Pd ͑Pt͒ and Zn layers. The surface energy values of alloys lie between the surface energies of the individual components, but they differ from their composition weighted averages. Compared with the pure metals, the valence d-band widths and the Pd or Pt partial densities of states at the Fermi level are dramatically reduced in PdZn and PtZn alloys. The local valence d-band density of states of Pd and Pt in the alloys resemble that of metallic Cu, suggesting that a similar catalytic performance of these systems can be related to this similarity in the local electronic structures.
I. INTRODUCTION
Searching for new sources of hydrogen as an alternative energy carrier has become an important problem because, unlike more harmful conventional fuels, H 2 can be used efficiently with negligible emission of greenhouse gases and air pollutants. 1 One of the ways to produce hydrogen is catalytic steam reforming of methanol. For this reaction, Pd/ZnO catalysts have been suggested to replace the currently employed supported Cu catalysts that sinter at elevated temperature. 2 The Pd/ZnO and Cu catalysts perform similarly to form H 2 and CO 2 from methanol, but their catalytic activity differs notably from that of pure metallic Pd. 3, 4 The high performance of Pd/ZnO catalysts was assigned to PdZn alloys recently identified as PdZn ͑1:1 Pd:Zn atomic ratio͒ and Pd 3.9 Zn 6.1 ; 5, 6 catalytic properties of alloys formed by Pt and Zn are similar. 7 The electronic and geometrical structure of palladium and platinum alloys, mainly with transition metals in d 10Ϫx configurations as second component, was intensively studied due to the industrial importance of Pd and Pt. 8, 9 At variance, PdZn and PtZn alloys attracted notably less attention. 10, 11 For PdZn alloys, photoelectron spectroscopy showed that alloying studied for PdZn films increases the binding energy of Pd levels. 10 No information about the relative stability of various surfaces of PdZn and PtZn alloys is available, but such data are necessary for predicting favorable structural arrangements exhibited by surface atoms of these materials. In the absence of even basic knowledge about the surface structure of PdZn and PtZn alloys, it is rather difficult to elucidate the reactivity of these prospective catalysts at the microscopic level. Indeed, it is impossible to study the reaction mechanism on a solid catalyst at the atomic level without having identified the surface sites of the material under investigation. This knowledge relates directly to the issue of relative surface stability which in turn can be rationalized based on information about the surface energy. The latter is a property that determines the equilibrium shape of mesoscopic crystals and plays an important role in faceting and roughing. Direct measurement of surface energies is difficult, especially for such complex solids as alloys. In this respect, one increasingly relies on computational approaches that become more and more powerful. During the past decade surface energies of metals [12] [13] [14] and various alloys were calculated, 15, 16 but no data for PdZn and PtZn alloys are available.
We carried out a comparative computational study on five systems: PdZn and PtZn ͑1:1͒ alloys as well as Cu, Pd, and Pt metals, which all are relevant to the catalytic steam reforming of methanol. We applied a density functional ͑DF͒ method in combination with a slab model approach to explore the energetics, geometric and electronic structures of the alloys. Analyzing in parallel the surface ͑and bulk͒ properties of the well-characterized Cu and Pd reference systems allows one to better trace the most important similarities and differences in the electronic and structural features of the materials under investigation. In the next section we outline the computational details and the procedure of surface energy calculations. The optimized bulk structural parameters of PdZn and PtZn alloys are considered in Sec. III A. The surface energies of various PdZn and PtZn surfaces are addressed in Sec. III B. Section. III C is devoted to surface structures of PdZn. The electronic structure features are discussed in Sec. III D. Our conclusions are presented in Sec. IV.
II. METHODOLOGY

A. Computational details
The calculations were performed with the plane-wave based Vienna ab initio simulation package ͑VASP͒ 17-21 employing the PW91 generalized gradient approximation ͑GGA͒. 22 The choice of the GGA, despite an overestimation of the lattice constants and underestimation of the surface energies at this level ͑see below͒, is justified by our primary interest in the relative stability of various surfaces and, more importantly, by the need of our future calculations of the energetics of various chemisorption complexes on the metals and alloys considered here. The interaction between atomic cores and electrons treated explicitly is described by the pro-jector augmentation wave ͑PAW͒ method using s, p, and d waves inside all atomic spheres. 23, 24 Standard values were used as sphere radii to define the PAW space partitioning. 24 Brillouin-zone integration was done with Monkhorst-Pack grids 25 using a generalized Gaussian smearing method. 26 Experimental atomic positions of Pd ͑fcc͒, Pt ͑fcc͒, Zn ͑hcp͒, Cu ͑fcc͒, PdZn ͑CuAu L1 0 ), and PtZn ͑CuAu L1 0 ) were taken as starting parameters for the geometry optimization. PdZn and PtZn alloys exhibit a tetragonal CuAu L1 0 structure which is derived from an fcc structure by shortening the c axis. 27 In the slab model calculations, a 400 eV energy cutoff ͑the same as for bulk͒ and a (7ϫ7ϫ1) k-point grid were adopted. Unit cells containing two atoms per layer were used throughout. Each atomic layer parallel to the ͑111͒ and ͑100͒ planes of L1 0 -type M Zn (M ϭPd, Pt͒ alloys is stoichiometric. On the other hand, each of the ͑001͒ and ͑110͒ planes contains either M or Zn atoms, in alternating fashion. We refer to two neighboring ͑001͒ and ͑110͒ atomic planes of M Zn alloys as one layer in our slab calculations; thus, an N-layer slab model comprises 2N ͑110͒ and ͑001͒ planes and N ͑111͒ and ͑100͒ layers. The effect of surface relaxation was examined by optimizing the top two layers on one side of PdZn͑111͒ slabs with four and seven layers, separated by a seven-layer vacuum spacing. The results were very similar. For example, both models predict equal vertical displacements (Ϫ0.11 Å) of Pd atoms in the top layer and an energy gain of 33 meV. We also relaxed the first three layers of a five-layer slab and found no significant difference from the results of two-layer relaxation of a four-layer slab. Therefore, all relaxation results discussed below correspond to fourlayer slabs with the top two layers relaxed.
Densities of states ͑DOS͒ were calculated with (16ϫ16 ϫ16) and (15ϫ15ϫ1) k-point grids for bulk and sevenlayer unrelaxed slabs, respectively. We employed the tetrahedron method with Blöchl corrections. 28 Local and partial DOS were obtained by projecting the wave functions inside a sphere around each ion onto spherical harmonics. For PdZn and PtZn, we chose the sphere radii of Pd, Pt, and Zn by scaling the corresponding covalent radii 29 such that the sum of the corresponding sphere volumes equals the volume of the underlying unit cell. The resulting radii are 1.535 Å for Pd in PdZn, 1.545 Å for Pt in PtZn, 1.494 Å for Zn in both alloys, and 1.418 Å for Cu. In the pure metals Pd and Pt, spheres with the above radii formally account for about 98% of the theoretical bulk volume; complete space filling would require to increase the radii to 1.545 Å ͑Pd͒ and 1.558 Å ͑Pt͒. The results obtained with the two sets of radii were very similar; for example, the center of the d-band (d-BC͒ of bulk Pd changed only by 0.01 eV. Sphere overlap was found to have rather minor effects on features of DOS. For consistency, we used the first set of radii ͑resulting in ϳ98% filling͒ in DOS calculations of Pd and Pt as well.
B. Calculation of surface energies
The surface energy ␥ is the surface excess free energy per unit area of a particular crystal facet. A common method for calculating surface energies is based on the total energy difference of an N-layer slab E S N and of the corresponding bulk
where A is the surface area of the unit cell. The factor of 1/2 accounts for the two surfaces of the slab model. In principle, when N is sufficiently large, the calculated value of ␥ will converge to the ''true'' surface energy. To use Eq. ͑1͒, two calculations are required: one for E S N at a reasonably large value of N and the other for E B on the bulk. However, with this method, care has to be taken to ensure consistency between slab and bulk calculations to prevent divergence of ␥ for large values of N. 30 Surface energies can be determined in reliable fashion by performing a series of calculations on slabs of increased thickness. Then, one derives the surface energy and the bulk energy of a system from a linear fit of the calculated total energy values E S N with respect to the thickness N of the slab: 30, 31 
This fast converging procedure has been used successfully, 13, 32 but one has to determine the minimum number N of layers from which on the energy E S N exhibits a linear behavior in the slab thickness. 32 In the systems under investigation, the dependence is essentially linear already for very thin slabs. For example, the PdZn͑111͒ surface energy derived from fitting of E S N in various ranges, Nϭ1 -7, 2-7, 3-7, and 4 -7, are 1.11, 1.14, 1.17, and 1.18 J m Ϫ2 , respectively, with standard deviations less than 0.04 J m Ϫ2 and correlation coefficients larger than 0.9999. These results manifest a nicely linear behavior of E S N on N. The surface energies given below correspond to energy fits for the range Nϭ3 Ϫ7. Note that for ͑001͒ and ͑110͒ surfaces of PdZn and PtZn, the computed surface energy is actually an average for surfaces terminated by Pd ͑or Pt͒ and Zn atoms.
First-principles studies of metal surfaces [33] [34] [35] showed that surface relaxation causes variations of 2-5 % in the calculated surface energies. Our calculations for PdZn͑111͒ ͑see Sec. III C͒ reveal that the difference in surface energy due to relaxation is 4%. As the purpose of this work is to examine the relative stability of various surfaces, all surface energies presented in the following, unless explicitly indicated, were calculated without accounting for surface relaxation.
III. RESULTS AND DISCUSSIONS
A. Bulk structure of PdZn and PtZn alloys
Metallic Cu, Pd, and Pt exhibit an fcc crystal structure with lattice parameters of 3.61, 3.89, and 3.92 Å, respectively. 36 Zn has an hcp structure with the lattice constants aϭ2.6649 Å and cϭ4.9468 Å. 36 Pd and Zn as well as Pt and Zn are very miscible and form alloys in a large range of compositions; 27 different compositions have different structures. An alloy with an atomic ratio of Pd to Zn close to 1 has the structure of CuAu (L1 0 -type͒ with space group P4/mmm ͑Fig. 1͒. 27 In PdZn, Pd, and Zn layers alternate in ͑001͒ and ͑110͒ directions whereas each crystal plane of ͑100͒ and ͑111͒ orientations is stoichiometric. The experimental lattice parameters of PdZn alloys at 44.5 at. % Zn and 55.2 at. % Zn are aϭ4.13 Å, c/aϭ0.81, and aϭ4.09 Å, c/aϭ0.82, respectively. 27 The interpolated values for 50 at. % Zn are aϭ4.11 Å and c/aϭ0.815. PtZn alloy with an atomic ratio close to 1:1 also features a CuAu (L1 0 type͒ structure; the lattice parameters at 47.2 at. % Zn are a ϭ4.03 Å and c/aϭ0.860. 27 Optimized bulk geometries of 1:1 PdZn and PtZn alloys as well as for pure metals Cu, Pd, Pt, and Zn are shown in Table I . It is well known that GGA overestimates the interatomic distances, in particular for 4d and 5d transition metals, in line with our calculated lattice parameters for Pd and Pt; agreement is better for Cu. For the alloys PdZn and PtZn the computed values of a and c are also slightly larger than the experimental estimates, resulting in the c/a ratio very close to experimental value.
In Table II we collected calculated interatomic and interlayer distances for four crystal planes of the two alloys and we compared them to interlayer distances of Pd and Pt metals. The nearest-neighbor distance is (a 2 ϩc 2 ) The data in Table III show that Zn atoms shift upward and Pd atoms move downward on the stoichiometric ͑111͒ and ͑100͒ surfaces. This can be rationalized with the smaller surface energy of Zn ͑see next subsection͒. The slab thickness expands because of the outward displacement of Zn 1 . When the top layer is formed by only atoms of one element, as on the surfaces ͑110͒ and ͑001͒, the surface atoms relax inward and the slab becomes thinner.
Relaxation of the top layer contributes the most to the relaxation energy. Therefore, larger displacements of Pd 1 or Zn 1 atoms correspond to larger relaxation energies. For instance, the changes in the interlayer distances d 12 Pd and d 12 Zn of the ͑111͒ surface, 0.10 Å, are about twice as large as those of the ͑100͒ surface; the corresponding relaxation energies, though rather small, are 33 and 16 meV ͑Table III͒. The finding that the Pd-terminated surfaces ͑110͒ and ͑001͒ relax somewhat more than Zn-terminated surfaces is in line with the larger surface energy of Pd compared to Zn.
C. Relative stability of the alloy surfaces
In Table IV , we present calculated surface energies for various surfaces of PdZn and PtZn alloys and for pure metals together with pertinent experimental data. 37 For the pure metals considered, the calculated surface energies are notably lower than the experimental values. For instance, the computed Pd͑111͒ surface energy 1.38 J m Ϫ2 is only about two-thirds of the experimental value 2.05 J m Ϫ2 . 37 At the experimental geometry, the difference between calculated 1.30 J m Ϫ2 and experimental values is even larger. For the same geometry, using a denser (11ϫ11ϫ1) mesh and the tetrahedron method with Blöchl corrections for partial occupancies, 28 one obtains essentially the same value 1.30 J m Ϫ2 . As already mentioned ͑Sec. II B͒, relaxation slightly reduces ͑by 4%, Table IV͒ the calculated surface energy of PdZn͑111͒, in line with results for other metal systems. [33] [34] [35] GGA is well known to underestimate surface energies. 38 With the local density approximation ͑LDA͒, 39 we determined the surface energy of Pd͑111͒ to 1.92 J m Ϫ2 , which is 50% larger than the GGA result and close to the experimental value. Thus, the calculated PW91 surface energies for PdZn alloy likely are also notably underestimated. Nevertheless, the relative magnitude of surface energies is expected to be predicted correctly. For example, the ordering of the calculated surface energies of the ͑111͒ surfaces of Cu, Pd, and Pt agrees with experiment ͑Table IV͒. Furthermore, our predicted stability ordering of ͑111͒, ͑100͒, and ͑110͒ surfaces for Cu and Pd is the same as in other calculations. 14 Now, we compare the surface tension of four surfaces of 1:1 PdZn alloy. According to the ''bond-cutting'' model, 40 the surface energy anisotropy is proportional to the ratio of broken bonds at the surfaces under comparison. For materials of fcc structure, three bonds of each atom at the ͑111͒ surface are broken, four bonds at the ͑001͒ surface, and six bonds at the ͑110͒ surface. Thus, ratios ␥ 001 /␥ 111 (ϭ␥ 100 /␥ 111 ) and ␥ 110 /␥ 111 of surface energies are predicted at 1.3 and 2.0, respectively. For metallic Pd and Cu, our calculated surface energy anisotropy is in line with the bond-cutting model ␥ 001 /␥ 111 ϭ1.3 and ␥ 110 /␥ 111 ϭ1.9 ͑Table IV͒. For PdZn, we derived the following ratios of surface energies: ␥ 100 /␥ 111 ϭ1.1, ␥ 001 /␥ 111 ϭ1.9, and ␥ 110 /␥ 111 ϭ2.0 ͑Table IV͒. Compared with Pd metal, the ratio ␥ 001 /␥ 111 of PdZn is about 45% larger. On the other hand, the surface energy of the ͑100͒ surface of PdZn is only slightly larger than that of ͑111͒ surface; thus, ␥ 100 /␥ 111 of PdZn is 15% smaller than in the case of metallic Pd.
As mentioned before, each type of atoms in PdZn is surrounded by eight nearest neighbors of the other atom type; four homonuclear bonds, about 10% longer, extend to the next-nearest neighbors. If both types of bonds A-A and A-B would contribute equally to the surface energy, then one has three broken bonds at ͑111͒ surface, four at the ͑001͒ and ͑100͒ surfaces and six at the ͑110͒ surface, just as in materials with fcc structure. These values would translate into the ratios ␥ 001 /␥ 100 ϳ1 and ␥ 001 /␥ 111 ϳ1.3, in disagreement with our calculated values ␥ 001 /␥ 100 ϭ1.6 and ␥ 001 /␥ 111 ϭ1.9. On the other hand, if the surface energy of PdZn alloy is predominantly determined by the shorter ͑and presumably stronger͒ Pd-Zn bonds, then the bond-cutting model yields equal ratios ␥ 001 /␥ 100 ϭ␥ 001 /␥ 111 ϭ2, close to the explicitly calculated ratios of 1.6 and 1.9. ͓The number of broken Pd-Zn bonds per atom at the ͑111͒, ͑100͒, ͑001͒, and ͑110͒ surfaces is 2, 2, 4 and 4, respectively.͔ Thus, the model of stronger Pd-Zn bonds allows a rationalization of the surface energy anisotropy calculated for PdZn. Our calculated surface tension values for PtZn ͑Table IV͒ do not follow the prediction of the bond-cutting model quite as closely as for PdZn: ␥ 001 /␥ 100 ϭ1.3, and ␥ 100 /␥ 111 ϭ2.1. This finding is likely due to the reduced difference in nearest-neighbor (A-B) and next-nearest-neighbor (A-A) distances compared to PdZn ͑see Sec. III A͒.
The results of Table IV show that the surface energy of the alloys considered lies between the surface energies of their components, but is not their composition-weighted average. In other words, there does not seem to hold a linear relationship between the surface energies of an alloy and its components. For example, the surface energy values of Pd͑111͒ and Zn͑0001͒ are 0.59 and 0.14 eV/atom, respectively. The value of PdZn͑111͒ is 0.48 eV/atom, notably larger than the corresponding average 0.36 eV/atom. From another point of view we note that the surface energy of Pt͑111͒ is computed by 8% larger than that of Pd͑111͒ whereas the surface energy of PtZn͑111͒ is 13% larger than the value of PdZn͑111͒ ͑Table IV͒.
PdZn and PtZn alloys are expected to exhibit certain analogies in the electronic structure and chemisorption properties to metallic Cu. Thus, we compare the surface energies of Cu with that of PdZn and PtZn alloys. Based on the larger ͑by absolute value͒ bulk energy of PtZn than of PdZn ͑Table I͒, Pt-Zn bonds should be stronger than Pd-Zn bonds. Therefore, from the bond-cutting model 40 one expects the energy of a PtZn surface to be larger than the energy of the corresponding PdZn surface. Our calculated surface energies comply with this assumption: ␥ PtZn(111) /␥ PdZn(111) ϭ1.15 and ␥ PtZn(100) /␥ PdZn(100) ϭ1.30. The surface energies of PdZn͑111͒ and Cu͑111͒ are equal, 0.48 eV/atom, and for the ͑110͒ surfaces they are rather similar, 0.92 eV/atom for Cu͑110͒ and 0.98 eV/atom for PdZn͑110͒. Calculations reveal that the ͑111͒ surfaces of PdZn and PtZn are the most stable ones ͑Table IV͒; these surfaces will be exposed favorably at thermodynamic equilibrium. From the close surface energy values of PdZn͑100͒ and PdZn͑111͒ one expects that both types of surfaces are exposed and thus more likely to be observed. In fact, XRD peaks of PdZn͑111͒ and PdZn͑100͒ provide indirect support for this conclusion. 41 Finally, we note in passing that segregation of Zn on the surfaces of PdZn alloy has been postulated, 10 based on the notably larger surface energy of Pd compared to Zn. As we will demonstrate elsewhere, 42 segregation of Zn on the PdZn alloy is not energetically favorable due to the large energy required to break Pd-Zn bonds.
D. Electronic structure
Finally, we discuss the electronic structure of the various surfaces and bulk of the materials under study. Surface DOS were calculated for the first-layer atoms of the unrelaxed seven-layer slabs; the electronic structure of the second-layer ͑subsurface͒ atoms is already very similar to that of the corresponding bulk. Band energies will be given relative to the Fermi energies. Table V summarizes the energies ⑀ BC of the band centers ͑BC's͒ of Zn. Alloying notably shifts the center of Zn 4s band from Ϫ1.05 eV in metallic Zn to Ϫ1.90 and Ϫ2.07 eV in bulk PdZn and PtZn, respectively. On the other hand, BC values for Zn 3d are predicted for the alloys to be close to those of bulk Zn. Thus, not unexpectedly, Zn 4s electrons play a central role in alloy formation. Photoemission spectra show that in Pd 9.3 Zn 0.9 the binding energy of Zn 3d bands is lowered by 0.65 eV ͑Ref. 10͒ whereas in Pd 11.8 Zn 8.6 alloy film no significant shift of the Zn 3d peak relative to that of metal Zn was found, in line with our calculated data. Going from bulk PdZn to its ͑111͒ and ͑100͒ surfaces, 4s-BC's of Zn tend to shift down while 3d-BC's shift up.
As shown in Table VI , alloying increases the energy of the Pd 5s and Pt 6s BC's by 0.5-0.6 eV relative to the position in bulk Pd (Ϫ2.02 eV) and Pt (Ϫ2.52 eV). This renders the two s-BC values closer to Cu 4s-BC energy (Ϫ1.45 eV). Calculations on PdV and PdRe alloys revealed a lowering of the Pd 4d-BC energy due to alloying. 43, 44 We calculated a lowering of 0.70 eV for Pd 4d-BC energy in PdZn alloy relative to bulk Pd. Thus, both 4d and 5s states of Pd contribute significantly to the formation of intermetallic bonds by alloying with Zn. Note that the bulk valence d-BC energies of Cu and PdZn and PtZn alloys are very similar: Ϫ2.44, Ϫ2.51, and Ϫ2.45 eV, respectively. Due to the reduction of the coordination number of atoms on the alloy surfaces, BC's energies of all bands are increased relative to the corresponding bulk. For example, for PdZn this shift is 0.3-0.6 eV ͑Table VI͒.
Valence d states of transition metal atoms in the systems under study are of particular importance for the surface reactivity, which is the ultimate target of our investigations of alloy catalysts. Thus, these states deserve closer inspection. The valence d-band widths at half maximum of bulk Pd, Pt, PdZn, and PtZn are 4.5, 4.8, 2.0, and 2.8 eV, respectively. The d-band width is inversely proportional to the third to fifth power of the distance between the atoms. 45, 46 As the nearest-neighbor M -M distance in the M Zn (M ϭPd, Pt͒ alloys is longer than in bulk M ͑see Sec. III A and Table II͒ obtains an alloy with electron configuration of the ''average'' atom d 10 s 1 , which is the electron configuration of Cu atoms. The abovementioned trends in the surface reactivity can be illustrated with the adsorption strength of probe CO molecules. According to our periodic slab PW91 calculations for a CO coverage 1/4, 47 the most stable surface PdZn͑111͒ binds single CO molecules much weaker, 1.0 eV, than Pd͑111͒, 1.9 eV; the former value is close to the CO adsorption energy computed on the Cu͑111͒ surface, 0.9 eV. These adsorption energy values are in agreement with the experimental result that the maximum desorption temperature of CO on Pd 5.8 Zn 10.4 film is ϳ220 K whereas on pure Pd͑111͒ a maximum temperature of ϳ460 K is observed, implying a decrease of 0.7 eV in the adsorption energy.
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IV. CONCLUSIONS
We carried out a density functional study on the 1:1 alloys PdZn and PtZn as well as on the metals Pd, Pt, and Cu, applying a band structure method to bulk materials and slab models. We optimized the lattice parameters of the alloys assuming the experimentally found structure of CuAu-L1 0 . From the calculated cohesive energies it follows that PdZn and PtZn alloy formation is exothermic; both processes are accompanied by an essentially equal energy gain. The ͑111͒ surfaces of PdZn and PtZn alloys were calculated to have the smallest surface energies; the energies of ͑100͒ surfaces are only slightly larger. Therefore, ͑111͒ surfaces and likely also ͑100͒ surfaces will play an important role in the surface chemistry of PdZn and PtZn alloys. The anisotropy of PdZn surface energy correlates well with the number of Pd-Zn bonds broken through the surface formation.
To unravel similarities in the performance of the PdZn and Cu catalysts we compared characteristic features of the electronic structure of the most stable surfaces PdZn͑111͒ and Cu͑111͒, that exhibit essentially equally low calculated surface energies. The local valence d-DOS profile of Pd in PdZn is found to resemble that of metal Cu ͑Fig. 2͒. Furthermore, the PdZn alloy formation is accompanied by a significantly reduced width, by 2.5 eV, of the valence d band as measured by the full width at half maximum. Also, Pd in PdZn exhibits a notably lower density of states at the Fermi level, by 2.28 states/eV, compared to elemental Pd. The resulting parameters, band widthϭ2.0 eV and the local DOS at the Fermi energyϭ0.15 states/eV, are quite close to the corresponding values of Cu, 1.6 eV and 0.13 states/eV, respectively. These findings provide a key for rationalizing the similar surface reactivity of PdZn and Cu. Analogous arguments are applicable to PtZn alloy materials, which we predict to manifest an electronic structure very much reminiscent of that for PdZn alloy.
